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TRANSONIC AERODYNAMIC CHARACTERISTICS OF A MODEL 


OF A SUPERSONIC FIGHTER- BOMBER AIRPLANE WITH EXTERNAL 
FUEL TANKS AND OTHER MODIFICATIONS 

By James C. Ferris 
Langley Research Center 

SUMMARY 

An investigation was made of the static stability characteristics of a 1/22-scale 
model of a supersonic fighter-bomber airplane. The configurations included a short 
single-place model, a long two-place model, and models with external fuel tanks, a larger 
vertical tail, wing-leading-edge-flap deflections, and an afterbody fuel tank. The longitu- 
dinal aerodynamic characteristics were determined through an angle-of-attack range from 
-4° to 23° at an angle of sideslip of 0°, at Mach numbers from 0.60 to 1.20. The short 
model was also investigated through an angle-of-attack range from -12° to 30°, at a Mach 
number of 0.80, to determine the pitch-up characteristics of the model. The models were 
investigated through a sideslip range from -4° to 15° at fixed angles of attack of 0°, 5°, 
10°, and 15°. All configurations were investigated with internal flow in the model. 

The configurations were longitudinally stable through the normal angle-of-attack 
range; however, a pitch-up occurred at an angle of attack of 21° at a Mach number of 0.80 
with the single -place model. The external fuel tanks caused a shift in trim to higher lift 
coefficients and substantial increases in drag. 

The configurations were generally laterally stable, although substantial losses in 
directional stability occurred at high angles of attack. One configuration with a pylon- 
mounted fuel tank on the fuselage was directionally unstable at an angle of attack of 15.8° 
at Mach numbers of 0.90, 0.95, and 1.20. 

INTRODUCTION 

Wind-tunnel investigations at transonic and supersonic speeds have been made of the 
aerodynamic characteristics of single-place and two-place versions of a supersonic 
fighter-bomber airplane. The results of an investigation at supersonic speeds in the 
Langley Unitary Plan wind tunnel of the performance and the longitudinal and lateral 
static stability characteristics of both versions of this airplane are presented in refer- 
ence 1. The performance and the longitudinal and lateral static stability characteristics 



of both versions at transonic speeds obtained in the Langley 8-foot transonic tunnels are 
presented in references 2 and 3. Also included in references 2 and 3 is information on the 
effect on the longitudinal and lateral static stability characteristics of short and long body 
noses, external stores, an afterbody bump for fuel storage, and exit-nozzle blisters. Ref- 
erence 4 presents the results of a supersonic wind-tunnel investigation of larger external 
fuel tanks, an afterbody bump for fuel storage, external bombs, a drooped fuselage fore- 
body, extended wing tips, a larger vertical tail, and several designs of ventral fins. Pre- 
sented in reference 5 are the results of a transonic wind-tunnel investigation to determine 
the effect of nose shape of flat -frontal -surface external stores on performance and static 
stability characteristics. 

The purpose of the present investigation in the Langley 8-foot transonic pressure 
tunnel was to determine at transonic speeds the longitudinal and lateral static stability 
characteristics of a short single-place model, a long two-place model, 2.46-cubic-meter 
(650 U.S. gallon) external-fuselage and wing-pylon-mounted fuel tanks, a larger afterbody 
fuel tank, a larger vertical tail, and the effect of wing-leading-edge-flap deflection. The 
investigation was made through a Mach number range from 0.60 to 1.20. 

SYMBOLS 


The lift and drag data are referred to the wind and stability axes, the rolling- 
moment and yawing-moment data are referred to the body axes, and the lateral-force and 
pitching-moment data are referred to the common lateral axes of the stability axes and 
body axes. The origin of the stability and body axes was at the moment reference center 
located longitudinally at 25-percent mean aerodynamic chord of the wing and on the model 
reference line as shown in figure 1 . All data presented herein were based on the planform 
dimensions of the wing. 


The derivatives 
The derivatives C n ^, 


C T and 

Liq; 

c lp> 



are for a lift coefficient of approximately zero. 

L 

are for a sideslip angle of approximately 0°. 


The units used in the physical quantities in this paper are given both in the Inter- 
national System of Units (SI) and in the U.S. Customary Units. Details concerning the use 
of SI, together with physical constants and conversion factors, are given in reference 6. 
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pitching-moment coefficient, Patching moment 
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yawing-moment coefficient, Yawing moment 
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2 1 + X + X^ 

mean aerodynamic chord of wing, ^-c r — 

J 1 + X 


nominal tip chord of wing, obtained by extending leading and trailing edges 
of wing to plane which is tangent to tip of wing, parallel to root chord of 
wing, and perpendicular to chord plane of wing 

root chord of wing, obtained by extending straight portions of leading and 
trailing edges of wing to plane of symmetry of model 
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M 


lift-drag ratio 


Mach number of undisturbed stream 
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dynamic pressure of undisturbed stream 


Reynolds number, based on c 
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area (projected) of wing, meter^ (ft^) 
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-22— ratio of inlet mass flow to free-stream mass flow 
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angle of attack, referred to the model reference line, deg 
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angle of sideslip, deg 


deflection of horizontal tail, determined by angle between plane of horizontal 
tail and reference line of body; positive when trailing edge is down, deg 

deflection of leading-edge flap, determined by angle between chord plane 
of flap and chord plane of wing, measured in plane perpendicular to hinge 
line, positive when leading edge is up (fig. 1(b)) 
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Subscripts: 


max 


maximum 


min 


minimum 


(L/D) max at maximum lift -drag ratio 
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APPARATUS 


Tunnel 

The investigation was made in the Langley 8-foot transonic pressure tunnel. The 
test section of this tunnel is square in cross section with slotted upper and lower walls to 
permit continuous operation through the transonic speed range. The total pressure of the 
tunnel air can be varied from a minimum value of about 0.25 atmosphere at all test Mach 
numbers to a maximum value of 2.0 atmospheres at Mach numbers up to 0.40 and about 
1.5 atmospheres at transonic Mach numbers. The tunnel air is dried sufficiently to avoid 
condensation effects. 


Models 

The basic model used in the present investigation was a sting-supported 1/22-scale 
model of a supersonic fighter -bomber airplane. This airplane is turbojet powered and 
has wing-root air inlets. The wing and horizontal tail of the model had 45° of sweepback 
of the quarter -chord line. The vertical tail had 48° of sweepback of the leading edge. 

The airfoil sections (parallel to the body reference line and perpendicular to the chord 
plane) of the wing were NACA 65A005.5 at the 0.38 semispan station and NACA 65A003.7 
at the tip, with a linear thickness variation between these stations. The model was built 
of steel and aluminum. Three-view drawings of the model with two fuselage lengths are 
shown in figure 1. The horizontal -tail deflection was -3°, and a leading- edge -flap deflec- 
tion of -7.5 was used for most configurations. The model inlets and duct were designed 
for internal flow. Supersonic wing-root inlets were included on the model, and boundary- 
layer diverters were used with the inlets. Ducts from the inlets led into a single duct 
which had an exit at the body base. The area of the throat of the model inlets (10.4 cm^ 
(1.612 in.^)) in the present investigation corresponded to that for the cruise condition. 

The duct exit shown in figure 2 was used in the present investigation. 

The two model lengths investigated were representative of a short single -place 
model (fig. 1(a)) and a long two-place model (fig. 1(b)). Photographs of the two-place 
model with an afterbody fuel tank are shown in figure 3. The single-place model was 
converted to a two-place model by adding a fuselage spacer block and a canopy spacer 
block with shims as shown in figure 4. 

In addition to the modification to the fuselage length, several additional model changes 
were investigated. A larger vertical tail, which had an area 10 percent greater than the 
standard vertical tail (fig. 5) was tested. External fuel tanks, each having a capacity of 
2.46 cubic meters (650 U.S. gallons) were pylon mounted on the fuselage (fig. 6(a)) and 
on the wings (fig. 6(b)). One configuration had an afterbody fuel tank which was designed 
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according to the area rule for a capacity of approximately 1.08 cubic meters (286 U.S. 
gallons). (See fig. 7.) The effect of leading-edge-flap deflection was also investigated. 
The model configurations are identified herein as follows: 


Configuration 

Fuselage 

length 

Vertical tail 

Center -line 
fuel tank 

Wing tanks 

Afterbody 
fuel tank 

Leading-edge -flap 
deflection, 6 n , deg 

i 

Short 

Standard 

Off 

Off 

Off 

-7.5 

2 

Long 

Standard 

Off 

Off 

Off 

-7.5 

3 

Long 

None 

Off 

Off 

Off 

-7.5 

4 

Long 

Standard 

On 

Off 

Off 

-7.5 

5 

Long 

Standard 

On 

On 

Off 

-7.5 

6 

Long 

Large 

Off 

Off 

Off 

-7.5 

7 

Long 

Large 

Off 

Off 

Off 

0 

8 

Long 

i Standard 

Off 

Off 

On 

-7.5 


Instrumentation 

A six- component strain-gage balance, which was housed in the model fuselage, was 
used for determining the overall forces and moments on the model. The angle of attack 
was varied with the tunnel-sting-support system and was corrected for flexibility under 
aerodynamic load of the balance, the model sting, and the sting extension. 

A static-pressure orifice was located within the chamber surrounding the strain- 
gage balance and was connected to a pressure transducer. A static-pressure tube with 
three orifices was attached to the rim of the body base and connected to a pressure trans- 
ducer. Two other static-pressure orifices were located on the sides of the sting adjacent 
to the base of the body and were joined to a common tube and connected to a pressure 
transducer. (These static pressures were used in the base-pressure corrections.) A 
sting-mounted rake was used at the duct exit when mass flow and internal-drag measure- 
ments were made. The rake consisted of 2 static-pressure tubes and 12 total-pressure 
tubes, and a manometer was used to measure the pressures. 

TEST CONDITIONS 

All the tests were made with fixed transition on the model as recommended in ref- 
erence 7. Strips of No. 120 carborundum grains 0.275 centimeter (0.1 in.) wide were 
shellacked on the upper and lower surfaces of the wing and horizontal tail at 10 percent 
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chord, on both sides of the vertical tail at 10 percent chord, on the fuselage 1.27 cm 
(0.5 in.) behind the nose apex and on the upper and lower inlet surfaces 0.64 cm 
(0.25 in.) behind the leading edge. The 2.46-cubic-meter (650 U.S. gallon) capacity 
external fuel tanks were tested without fixed transition. Pitch tests were made at an 
angle of sideslip of 0° with the wings of the model in the horizontal plane of the tunnel. 

The pitch tests were made at Mach numbers from 0.6 to 1.2 at a stagnation pressure of 
3/4 atmosphere through an angle-of-attack range from approximately -2° to 24°. Config- 
uration 1 was also investigated through a large angle-of-attack range (-11° to 30°) at a 
Mach number of 0.80 to determine the pitch-up characteristics of the model, for this test 
a stagnation pressure of 3/4 atmosphere was used at angles of attack from -11° to 22° 
and of 1/2 atmosphere at angles of attack from 22° to 30°. All remaining tests were 
sideslip tests at fixed nominal values of angle of attack (obtained by the use of bent 
couplings with angles between the model sting and the tunnel sting of 0°, 5°, 10°, and 15°). 
The sideslip tests were made with the model wings in the vertical plane of the tunnel at 
Mach numbers from 0.60 to 1.20 at a stagnation pressure of 1/2 atmosphere through an 
angle-of-sideslip range from approximately -4° to 15°. 

The variation of Reynolds number (based on the mean aerodynamic chord c ) with 
Mach number for stagnation pressures of 1/2 and 3/4 atmosphere is shown in figure 8. 

The stagnation temperature was approximately 322° K (120° F) at all Mach numbers 
during the investigation. 

All the configurations were investigated with internal flow in the model. The static 
pressure in the chamber surrounding the strain-gage balance, at the side of the sting at 
the fuselage base, and at the rim of the fuselage base were recorded at each test data 
point. One internal mass flow and internal drag test was made to determine these quan- 
tities at several angles of attack at each Mach number through the Mach number range. 

CORRECTIONS 

The external-drag coefficients Cjj and Cq' were corrected by adjusting the 
values of static pressure in the balance chamber and at the rim of the fuselage base to the 
free-stream value. The external-drag coefficients also include the correction for the 
internal-drag coefficient Cj) ^ (fig. 9) determined from the internal mass flow and inter- 
nal drag test of configuration 1. 

The lift and pitching-moment coefficients were not corrected for internal flow. A 
previous investigation indicated the maximum correction to lift coefficient occurred at 
the highest angle of attack and amounted to only 0.005. 

At subsonic Mach numbers, the interference effect of the tunnel boundary on the 
flow over a model in the test region near the center line of the tunnel has been made 
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negligible by means of a slotted test section. Data are presented herein at transonic 
Mach numbers of 1.03 and 1.20. The effect of tunnel-boundary interference (tunnel- 
boundary-reflected compression and expansion disturbances) on the data at a Mach num- 
ber of 1.03 was probably small and is believed to have been confined primarily to affecting 
the drag data. The data at a Mach number of 1.20 are considered free of tunnel -boundary 
interference. No corrections have been made to the data at a Mach number of 1.03 for 
tunnel-boundary interference except for the partial correction for tunnel-boundary inter- 
ference inherent in the base-pressure correction. 

No sting-interference corrections have been made to the data except for the partial 
correction for sting interference inherent in the base-pressure correction. 


Accuracy 

The accuracy of the data, based primarily on the static calibrations and the repeata- 
bility of the data, is estimated to be as follows: 



of, deg 

P, de S 


M 


. ± 0.01 
± 0.0012 
±0.0018 
±0.003 
±0.0004 
±0.0003 
± 0.002 
± 0.1 
± 0.1 
±0.003 


PRESENTATION OF RESULTS 

The basic longitudinal aerodynamic characteristics are presented in figures 10 to 
13, and the basic aerodynamic characteristics in sideslip are presented in figures 14 to 
17. These basic results for specific model configurations are presented in the figures 
indicated in the following list: 
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Figure 


Longitudinal aerodynamic characteristics: 

Model configurations 1 and 2 10 

Model configurations 2,4, and 5 11 

Model configurations 2, 6, and 8 12 

Model configuration 1 at large angles of attack 13 

Aerodynamic characteristics in sideslip: 

Model configurations 1 and 2 14 

Model configurations 2,3, and 6 15 

Model configurations 2, 4, and 5 16 

Model configurations 6 and 7 17 


Summary data on performance and longitudinal-stability derivatives are shown in 
figures 18 to 20. The derivatives C Lq; and in the figures are for a lift coeffi- 

cient of approximately zero. Summary data on lateral-stability derivatives are shown in 
figures 21 to 24. The derivatives C n , Cj , and C Y (figs. 21 to 24) are for an angle 

of sideslip of approximately 0°. The figures containing these summary results for spe- 
cific models are indicated, as follows: 


Figure 


Performance and longitudinal-stability derivatives: 


Model configurations 1 and 2 18 

Model configurations 2, 4, and 5 19 

Model configurations 2, 6, and 8 20 

Lateral stability derivatives: 

Model configurations 1 and 2 21 

Model configurations 2,3, and 6 22 

Model configurations 2, 4, and 5 23 

Model configurations 6 and 7 24 


Approximate values of angle of attack are given on the basic and summary sideslip 
figures. More accurate values of angle of attack for the sideslip data at the various test 
Mach numbers and stagnation pressures are given in the following table: 
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M 

Stagnation 
pressure, atm 


a, deg 


1.20 

1/2 

0.0 

5.4 

10.7 

16.0 

1.03 

1/2 

.0 

5.4 

10.7 

16.0 

.95 

1/2 

.0 

5.4 

10.7 

15.9 

.90 

1/2 

.0 

5.4 

10.7 

15.8 

.80 

1/2 

.0 

5.3 

10.6 

15.7 

.60 

1/2 

.0 

5.2 

10.4 

15.5 


DISCUSSION 

Longitudinal Aerodynamic Characteristics 

An increase in fuselage length (figs. 10 and 18) had negligible effect on the longitu- 
dinal aerodynamic characteristics of the model. The fuselage -mounted center-line 
external fuel tank (configuration 4, figs. 11 and 19) had little effect on the longitudinal 
stability of the model, but caused a reduction in maximum lift-drag ratio of from 3.6 to 
10.7 percent through the Mach number range. The wing tanks in combination with the 
fuselage tank reduced the maximum lift-drag ratio about 20 percent and caused a shift in 
trim to higher lift coefficients at all Mach numbers. The afterbody fuel tank (configura- 
tion 8, figs. 12 and 20) had negligible effect on the longitudinal aerodynamic 
characteristics . 

Model configuration 1 (the short fuselage model) was investigated through an angle - 
of-attack range of -12° to 30° at a Mach number of 0.80 (fig. 13). These results (fig. 13(b)) 
indicate that a pitch-up occurred for this configuration in the angle -of-attack range from 
21° to 27°. 


Lateral Stability 


The directional-stability derivative C n ^ of model configurations 1 and 2 was pos- 
itive (that is, directionally stable) at a ~ 5.3° at all test values of Mach number and 
angle of sideslip (fig. 14(a)), and also at a ~ 15.8° except at the highest values of angle 
of sideslip (fig. 14(b)). An increase in body length reduced the directional stability at all 
test Mach numbers by a small amount at a ~ 5.3° and by a generally larger amount at 
a ~ 15.8° (figs. 14(a), 14(b), and 21). 


The derivative 
effect) at a « 5.3° and 


of model configurations 1 and 2 was negative (positive dihedral 
a ~ 15.8 for all values of angle of sideslip and Mach numbers 
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investigated (figs. 14(a) and (b)). However, there was an appreciable decrease in the 
magnitude of C ^ with change in angle of attack from 5.3° to 15.8° at Mach numbers of 
0.60 and 0.80. 


Figure 22 shows that the large vertical tail (10-percent increase in area) increased 
the directional stability of model configuration 2 by approximately 12 percent at a ~ 5.3° 
and 35 percent at a ~ 15.8° throughout the Mach number range. (See also figs. 15(b) 
and 15(d).) This improvement in directional stability was caused by the increase in area 
of the vertical tail and was sufficient to overcome the loss in directional stability caused 
by the increase in fuselage and canopy length. 


The external fuel-tank configuration 4 (which includes fuselage center-line tank) and 
configuration 5 (which includes fuselage center -line tank and wing tanks) were direction- 
ally stable at a « 5.3° at all test Mach numbers and angles of sideslip (fig. 16(a)). 

Model configuration 5 was also directionally stable at a ~ 15.8 at all test Mach numbers 
and angles of sideslip (fig. 16(b)). Model configuration 4, however, had either neutral 
directional stability or was directionally unstable over the angle-of-sideslip range at 
a ~ 15.8° at Mach numbers of 0.90, 0.95, and 1.20. At the other test Mach numbers, con- 
figuration 4 at a ~ 15.8° was also directionally unstable at certain values of sideslip 
angle. The addition of the fuselage -mounted fuel tank reduced C n substantially, by an 

r 


increment which was roughly the same at a « 5.3° and a ~ 15.8° at all test Mach num 
bers (figs. 16(a), 16(b), and 23). The addition of the wing tanks had small effect on C 

at subsonic test Mach numbers at a 

numbers at a ~ 5.3° and at all test Mach numbers at a « 15.8°. 


' n /3 

5.3° but increased C n at supersonic test Mach 

r 


The lateral-stability derivative 



for configurations 4 and 5 was negative (posi- 


tive dihedral effect) at all test conditions except at a Mach number of 0.60 and a ~ 15.8° 
where the derivative was positive in a small range of angles of sideslip up to about 4° 
for configuration 4 (figs. 16(a), 16(b), and 23). 


The leading -edge -flap deflection, figures 17 and 24, had no significant effect on the 


lateral stability derivatives 
investigation. 


C n ^ and Cj for any test condition used in the 




CONCLUDING REMARKS 


An investigation was made at Mach numbers from 0.60 to 1.20 of the static longi- 
tudinal and lateral stability characteristics of various configurations of a 1/22-scale 
model of a supersonic fighter -bomber airplane. Configurations included a single-place 
short -fuselage model and a two-place long-fuselage model. The two-place model was 
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investigated with external stores, afterbody fuel tank, larger vertical tail, and wing- 
leading-edge-flap deflections of 0° and -7.5°. 

The effect of configuration modifications on longitudinal stability and trim was 
small. The external stores caused a shift in trim to higher lift coefficients and a sub- 
stantial increase in drag. 

A decrease in directional stability caused by lengthening the fuselage can be regained 
by a 10-percent increase in the area of the vertical tail. The fuselage-mounted center- 
line fuel tank decreased the directional stability at all test conditions. With this config- 
uration, the model was directionally stable at low angles of attack but unstable at an 
angle of attack of 15.8° at Mach numbers of 0.90, 0.95, and 1.20. The model with the 
fuselage-mounted center-line fuel tank, in combination with the wing tanks, was generally 
directionally stable at all test conditions. Deflection of the leading-edge flap had no sig- 
nigicant effect on the lateral stability of the model. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., June 23, 1966. 
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(a) Short single-place model. 


Figure 1.- General arrangement of supersonic fighter-bomber airplane. All dimensions are in terms of the mean aerodynamic chord c. 

c = 15.91 cm (6.264 in.). 




Section A— A 

Section perpendiculor to hinge line 
Not to scale 


Body station 
0 




Figure 2.- Duct exit used with supersonic inlet (cruise condition) and sting cross section at end of body. 
Duct exit area = 13.06 cm 2 (2.024 sq in.). AH dimensions are in terms of the mean aerodynamic 
chord c. c = 15.91 cm (6.264 in.). 




(b) Planform view. 
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Figure 3.- Model configuration 8. 
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Figure 7.- Afterbody area-rule fuel tank. All dimensions are in terms of the mean aerodynamic chord c. c = 15.91 cm (6.264 in.). 
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(b) Drag coefficient. 
Figure 12.- Continued. 
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Yawing- moment coefficient^ 



(a) a ~ 5.3°. 

Figure 14.- Aerodynamic characteristics in sideslip of model configurations 1 and 2. = -3°. 
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Yawing -moment coefficient^ 



(d) a = 15.8°. 
Figure 15.- Concluded. 
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(b) a ~ 15.8°. 
Figure 17.- Concluded. 
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Figure 20.- Performance and longitudinal-stability 
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Figure 22.- Concluded. 







Figure 24.- Lateral -stability derivatives of model configurations 6 and 7. 6^ = -3°. 
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